Introduction
Ocular surface squamous neoplasia (OSSN) is classically divided into conjunctival intraepithelial neoplasia (CIN) and squamous cell carcinoma (SCC). CIN is dysplasia of the ocular surface epithelium that has not yet invaded the substantia propria of the conjunctiva or Bowman layer of the cornea [1, 2] . It causes disfigurement and has the potential to progress to SCC, which may cause severe disability [2] .
Most of the advances in our understanding of the incidence, diagnosis and treatment of OSSN have taken place in the last 20 years [3, 4] . Globally, the incidence of OSSN has been estimated to range between fewer than 0.2 cases/million/year (UK, 1996) [5] and 35 cases/million/year (Uganda, 1992) [6] . Age-standardised incidence rates, which make adjustments for population structure, have also been calculated using data from the International Agency for Research on Cancer. Using these data, covering the period from 1998 to 2002, Gichuhi et al. [7] found a mean age-standardised worldwide incidence of ocular SCC (principally tumours of the conjunctiva and cornea) of 1.8 (95% confidence interval: 0.9 to 2.6) cases/million/year among males and 0.8 (95% confidence interval: 0.1 to 1.5) cases/million/year among females. OSSN is on the increase in Africa [6, 8] , but has been detected all around the world [7, 9] . In 2003, the balance of epidemiological evidence suggested that the highest risk of OSSN was in older Caucasian men, particularly those living closer than 30 degrees latitude to the equator [10] . It is possible that this remains the case in the West. In Africa, however, OSSN has been affecting younger people with more aggressive tumours [11] . OSSN is more common in Africa than anywhere else, and unlike on other continents, it affects males and females equally there [7] .
There appears to be an important association between human immunodeficiency virus (HIV) seropositivity and OSSN [3, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . Patients presenting with OSSN might therefore benefit from HIV testing. To date, most published studies of the association between HIV seropositivity and OSSN have taken place in Africa, Asia and North America (USA). Other potential risk factors or associations include human papilloma virus (HPV) infection; [17, 24, 26] sunlight exposure [23, 24, 27] , which can lead to mutations in the tumour suppressor gene p53; [28] p63, a homologue of p53; [29, 30] smoking; [24, 31] immunosuppression; [32] [33] [34] and xeroderma pigmentosa [35, 36] . There have also been suggestions of a possible association between OSSN and atopic keratoconjunctivitis [23, 32, [37] [38] [39] . A larger tumour size might be predictive of invasive SCC or risk of recurrence [40, 41] .
We set out to describe the incidence, associations and outcomes of OSSN in the UK over a particular 12-month period. Specifically, we sought to answer the following research questions:
• What is the incidence of OSSN?
• What is the demographic profile of patients presenting with OSSN?
• What risk factors are associated with OSSN?
• How does OSSN present?
• How is OSSN currently being managed?
• Is there any evidence of recurrence of OSSN over a 12-month follow-up period?
Material and methods
This study was conducted in accordance with the principles of the Declaration of Helsinki. Ethical approval was sought and obtained from Oxford C NHS Research Ethics Committee.
Study design
This is a prospective, observational study in which we set out to identify each new case of OSSN in the UK over a 12-month period. Cases were followed up for 12 months.
Setting
Cases of OSSN were identified through the Royal College of Ophthalmologists' British Ophthalmological Surveillance Unit (BOSU) reporting system [42] . Briefly, using the BOSU system, the study investigators received notification as to which ophthalmologists had reported seeing a case of OSSN. Direct contact was then made with the reporting ophthalmologist, using a questionnaire to collect information about the reported case. This included information to confirm the patient's eligibility for inclusion in the study. A follow-up questionnaire was sent out 12 months later. The questionnaires were completed by the reporting ophthalmologists. Study investigators did not make direct contact with the patients. All further reference to reporting ophthalmologists in this report refers to the UK ophthalmologists who reported cases of OSSN via the BOSU, and not specifically to the study investigators.
Participants
The patients eligible to contribute to this study were those with a new, histologically confirmed diagnosis of OSSN that was made between the 8th of August 2013 and the 8th of August 2014. Bilateral lesions were counted as two separate cases. Recurrences were recorded on the follow-up questionnaire at 12 months, and not as new cases.
Data sources
All data were obtained via baseline and 12-month follow-up questionnaires, the details of which are contained in the Supplementary Information.
Bias
This study depended on voluntary reporting of new cases of OSSN by consultant ophthalmologists and associate specialists in the UK. As such, it was subject to reporting bias, with information only available on cases that were reported, and no scope for identifying clinico-pathological features of cases that were not reported.
Statistical methods
This is largely a descriptive study. The incidence of OSSN in the UK was calculated as the number of cases/million/ year. Analysis of lesion location was performed using a Kruskal-Wallis one-way analysis of variance test for nonparametric data.
Results

Participants
Sixty-one cases of OSSN in 60 patients were reported via the BOSU scheme. Seven were excluded because they did not fall within the inclusion dates for the study, and three were excluded because they had the wrong diagnosis. There was one duplicate and there were three instances where the patient details were not recalled or traceable by the reporting ophthalmologist. After initially reporting cases of OSSN to the BOSU, 13 questionnaires were not returned by the reporting ophthalmologists. This left a total of 34 cases (in 33 patients) for which we had baseline data.
Twelve-month follow-up data were only available for 24 of the original 34 cases. This included bilateral OSSN in one patient. Eight patients had been lost to follow-up and two were deceased. Data regarding cause of death (where applicable) were unavailable.
Outcome data
The estimated incidence of ocular surface squamous neoplasia in the UK With 34 confirmed cases of OSSN reported via the BOSU scheme between the 8th of Aug 2013 and the 8th of August 2014, the estimated incidence of this condition in the UK is calculated as 0.53 cases/million/year (CIN: 0.43 cases/million/year; SCC: 0.08 cases/million/year).
The demographic profile of patients presenting with ocular surface squamous neoplasia in the UK Table 1 provides a summary of the demographic profile of eligible participants. OSSN cases that were reported as "SCC in situ" were classified as CIN for the purpose of this table. CIN was 5.6 times as common as SCC in our dataset. The majority of patients were male (85%), and the mean age of the patients affected was in the seventh decade. All patients were reported to be Caucasian, apart from one person who was of Asian origin and one person for whom ethnicity data were missing.
Risk factors associated with ocular surface squamous neoplasia in this study
In addition to patient demographics, Table 1 contains some information regarding some of the well-known risk factors for OSSN, as recorded on the baseline questionnaires. Smoking history and HIV and HPV status were frequently unknown.
How ocular surface squamous neoplasia presented
The mean length of time to diagnosis was over 235 days (~7.7 months) from presentation. There was, however, a very wide spread of this data, with a range from 4 days to 1391 days. Half of the reporting ophthalmologists were seeing patients who had been referred to them from elsewhere, often from another hospital, but occasionally from another ophthalmologist within their department. Table 2 is a summary of the reported symptoms and signs of OSSN at presentation. The majority of patients presented with visual acuity of 6/9 or better, and without symptoms of pain or loss of vision. In the 10 cases where visual acuity was recorded as below 6/9, seven reports attributed the loss of vision, at least in part, to OSSN. Of these, two cases were thought to be due to a combination of OSSN and another ocular comorbidity. One case occurred in an anophthalmic socket. Figure 1 illustrates the distribution of the OSSN cases that were reported. The most commonly affected site for the OSSN lesion was the limbus, followed by the nasal bulbar conjunctiva and then the temporal bulbar conjunctiva. The maximum diameter of the lesions ranged from 3 to 20 mm (mean 7.5 mm).
There was no significant difference in the laterality of lesions (involvement of right eye or left eye) (p = 0.24). Lesions on the right eye were, however, significantly larger in maximum diameter than those on the left eye (8.42 mm (SD 4.47 mm) versus 5.85 mm (SD 2.65 mm), p = 0.01), but not of higher histopathological grade (p = 0.30). 
Management of ocular surface squamous neoplasia
The management options chosen by the reporting ophthalmologists were varied and are shown in Table 3 . The initial choice of treatment given by reporting ophthalmologist was influenced by prior treatments, if given, and whether or not the patient was subsequently going to be referred elsewhere for ongoing care. Of the seven patients who appear to have had either no treatment, a biopsy and lymph node fine needle aspiration, or topical antibiotics prescribed by the reporting ophthalmologist, two had undergone excision of the OSSN lesion (one with cryotherapy) prior to seeing the reporting ophthalmologist, and the other five were referred to ocular oncology units for treatment. Overall, excision was one of the most common first-line treatments provided, either alone or in combination with other treatments. No adjunctive tests were requested by the reporting ophthalmologist in 65% of cases. Of the 11 cases (32%) referred elsewhere for ongoing management, 10 of these went to three of the UK national ocular oncology centres, and in one case a referral was made for shared care with a specialist oculoplastics unit.
Outcomes following treatment for ocular surface squamous neoplasia
At 12 months, 18 cases were confirmed as still being under active follow-up with the reporting ophthalmologist. Five out of nine patients who had previously been referred to a tertiary centre for ongoing care, and had follow-up data, had been discharged back to secondary care. All of these patients had a diagnosis of CIN. None of the patients received a change in their OSSN diagnosis over the study period, but one patient who was receiving immunosuppressive treatment had a biopsy that was positive for ocular mucous membrane pemphigoid taken from the same eye. Table 4 is a summary of the management of the OSSN cases in the 12 months between the baseline questionnaire and the follow-up questionnaire, and the associated clinical outcomes. In five of the cases where participants had a visual acuity level of 6/12 or below, the cause of reduced vision was thought to be a comorbidity unrelated to OSSN.
One-third of the patients with follow-up data available had received additional treatment following their first-line treatment. This proportion excludes three patients who were referred to ocular oncology units without receiving prior definitive treatment from the ophthalmologists who completed the baseline questionnaire. As with many of the cases that had the type of treatment given recorded on the baseline questionnaire, these three received primary excision of the OSSN lesion. In their cases, it was combined with either 5-fluorouracil or plaque radiotherapy. Review of all the follow-up questionnaires showed that interferon was the most commonly given second-line treatment. In this study, it only seemed to be given within a tertiary care setting. The patients who received it had a diagnosis of CIN, and in a majority of cases had received primary treatment with excision, or biopsy and 5-fluorouracil.
Complications of OSSN treatment were rare and are shown in Table 4 . Over 40% of patients were reported to have no abnormalities detected at their 12-month review, but scarring was not uncommon. One patient with no history of ocular mucous membrane pemphigoid had developed symblepharon. The two confirmed recurrences of CIN occurred on the nasal conjunctiva, in patients who had extensive lesions (inferonasal bulbar conjunctiva, limbus and inferior tarsal conjunctiva; inferonasal bulbar BCVA Best-corrected visual acuity a Lesions may have extended to involve more than one site conjunctiva, fornix and plica) at baseline. One had previously been immunosuppressed, and had been treated with multiple excisions and 5-fluorouracil, and more of this treatment was planned for the recurrence. The other patient with a recurrence had been treated with topical steroids followed by interferon and then mitomycin-C. There were plans to treat this recurrence with excision and cryotherapy. Most patients had further follow-up planned for 3-6 months' time. Where this was not the case, time to follow-up was strongly determined by the perceived risk of vision loss (e.g. due to corneal abnormalities) or recurrence.
Discussion
The estimated UK incidence of OSSN (0.53 cases/million/ year), as calculated in this study, is significantly below the mean incidence of OSSN calculated over a 10 year period, before 1992, in Brisbane, Australia (19 cases/million/year) [43] . The incidence of SCC in this study (0.08 cases/million/year) falls within the level that was estimated for the UK by Newton et al. [5] in 1996 (<0.2 cases/million/year). Given the probable high rate of underreporting via the BOSU scheme, as suggested by a paucity of cases reported from some of the national ocular oncology units, this is likely to be lower than the true incidence of this condition in the UK.
If we were to assume that the UK national ocular oncology centres that did not report any cases via the BOSU saw a similar number of OSSN patients to the number reported by Maudgil et al. [41] in their retrospective review of the case notes, clinical photographs, and histopathology reports of 78 patients with OSSN who were managed in their unit between 1994 and 2010 and published in 2013 (~4.9 cases per year, of which~20% were SCC), then the UK incidence of this condition would rise to 0.76 cases/ million/year (CIN: 0.61 cases/million/year; SCC: 0.13 cases/million/year). This remains consistent with Newton's incidence of SCC estimation [5] , but it is still likely be an underestimate due to the possibility of underreporting of cases from other ophthalmology units.
From our data, there does not appear to be a dramatic change in the demographics of those affected by OSSN when compared to reports from 20 years ago. Older Caucasian men remain the most at risk group. Males were affected seven times as frequently as females. Epidemiological studies to date have suggested that there has been an increase in the incidence of OSSN in Africa, with patients being affected with more aggressive tumours at a younger age [11] . We were unable to detect any similar changes in the UK in this study. If HIV infection has a role in the development of OSSN in some cases, then the ready availability of anti-retroviral therapy in the UK might limit the impact of this infection in this part of the world.
In addition to the demographic risk factors, the data on risk factors were limited to the responses to the questions in the questionnaires. There was no specific question about levels of sunlight exposure because this was not thought to vary widely within the UK, and it was considered that it might be possible to make a better assessment of the impact of sunlight exposure by comparing the UK incidence of OSSN to that in a different geographical location with greater sunlight exposure, such as Australia. There were also no questions directly addressing atopy as a possible risk factor. There was, however, space on the baseline questionnaire for the reporting ophthalmologist to record any other risk factors that they thought might be relevant. Nothing was documented in this space on any of the returned questionnaires.
Although all the reporting ophthalmologists often commented on whether or not immunosuppression was a likely risk factor, information about other potential risk factors Fig. 1 Stars indicate the approximate location of the affected sites. Most lesions involved more than one site. In these cases, each site mentioned by the reporting ophthalmologist was marked was frequently unavailable. It was therefore not possible to determine the real impact of cigarette smoking, HIV infection, or HPV infection. We did not expect routine measurement of p53 or p63 levels.
There was wide variation in the ways in which OSSN presented, particularly in the length of time between initial presentation with symptoms and/or signs of OSSN and receiving the histopathological diagnosis. The average length of time to diagnosis was over 7 months, and the impact of this delay in diagnosis is unclear. As has been reported in other studies, most cases were unilateral. Whilst the right eye was affected more frequently than the left eye OSSN Ocular surface squamous neoplasia, CIN conjunctival intraepithelial neoplasia, SCC squamous cell carcinoma, HIV human immunodeficiency virus, HPV human papilloma virus a Includes one patient whose diagnosis was simply reported as "OSSN"
in this study, this preponderance was not statistically significant and might be an artefact caused by low patient numbers. The distribution of the OSSN lesions suggests that the sun-exposed areas of the limbus and the nasal and temporal bulbar conjunctivae were affected more frequently than other sites. Although lesions on the right eye were larger than those on the left, they were not of higher histopathological grade. Both cortical cataract and skin cancer have been associated with asymmetrical ultraviolet light exposure with driving [44, 45] . Further studies would be needed to investigate whether asymmetrical exposure to ultraviolet light might be influencing the distribution of OSSN lesions in a similar way.
The most common form of treatment that was given by ophthalmologists who referred patients with OSSN elsewhere for tertiary care, prior to referring them onwards, was excision of the OSSN lesion. Other ophthalmologists opted for an incisional biopsy, or for topical treatment, prior to referring the patient to a tertiary unit for ongoing care. The range of treatments given by the reporting ophthalmologists was broad, and we were unable to identify a clear, systematic pattern for the selection of particular management plans. We can make the observation, however, that the primary treatment of OSSN frequently involved excision of the lesion, and interferon was a popular second-line treatment. Both of these approaches were used either alone or in conjunction with another form of treatment. Adjunctive tests were rarely performed but included confirming the patient's HIV status and testing the OSSN specimen for HPV.
Two patients had died within a year of their diagnosis of OSSN. We are unable to speculate as to their causes of death, but are conscious that OSSN, particularly in its more advanced stages may lead to death [46] .
One patient who had previously been diagnosed with OSSN received an additional diagnosis of ocular mucous membrane pemphigoid. The co-existence of different ocular surface diseases with OSSN has been described previously, and can present additional challenges for the diagnostic process [47] [48] [49] . OSSN has also been reported to masquerade as other ocular surface conditions [50] [51] [52] . Whilst histopathology remains the gold standard for diagnosis, it has been suggested that there might be a role for noninvasive imaging modalities, such as high resolution optical coherence tomography, in the detection and differentiation of OSSN from other ocular surface pathologies [47] .
Over two-thirds of the patients had visual acuity of 6/9 or better at 12 months. Where reduced, this was mostly thought to be due to a comorbidity such as cataract. If the OSSN lesion involved the cornea, then this would clearly be more likely to impact vision than a superficial lesion confined to the conjunctiva. Occasionally, reduced visual acuity was thought to be a complication of the treatment given.
The range of treatments reported in this study differs slightly from those described by the UK national ocular oncology centre in Sheffield, where, for example, the first treatment options included photodynamic therapy but not plaque radiotherapy [41] . Differences might be related to local availability of equipment and expertise, as well as the case mix seen, that is, the severity of OSSN cases being treated. In addition, the availability of a wide range of potentially effective treatments contributes to the lack of consensus on optimal management. Both studies, however, show the popularity of excision, with or without additional treatment, as a first-line treatment in the UK. At their 12-month follow-up visit, two-thirds of patients had not required treatment beyond the first OSSN treatment given. In this study, every case where additional treatment was given was being managed in a tertiary care setting.
Although the number of reported complications of treatment was low, there is likely to be some overlap between the complications of treatment and the presence of clinical signs detected at the 12-month review.
Numerous factors, some of which could not reliably be assessed in this type of study, have been found to be associated with the risk of recurrence of OSSN [41, 53] . These include tumour size, first treatment given, tarsal location, histopathological grade, positive surgical excision margins and lack of adjunctive therapy. Recurrence of disease has been reported up to 11.5 years after surgical excision [2] . These patients therefore require lifelong monitoring. The two recurrences of OSSN confirmed in this study occurred in extensive lesions, but the maximum diameter was only provided for one of these lesions (12 mm). In the retrospective case series published by the national oncology centre in Sheffield, patients treated with mitomycin-C as the first-line of treatment were found to be the least likely to recur, but there was no statistically significant difference between the risk of recurrence in those treated with mitomycin-C first and those who were treated with excision first [41] . One of the two recurrences in our study had received first-line treatment with mitomycin-C and interferon, and the other, who had a background of previous immunosuppression, had been treated with excision and 5-fluorouracil. The confirmed recurrence rate was 6% at 12 months in this study, but may have been as high as 9% if one further suspected recurrence was confirmed. These rates are slightly lower than, but still comparable to, those of other published reports from a similar time-period [41, 53] .
Strengths and limitations
This is the first nationwide study of the epidemiology of OSSN in the UK, in which all autonomous UK ophthalmologists involved in the direct care of patients with OSSN within the National Health Service had the opportunity to contribute via the BOSU reporting scheme. We set out to obtain presentation, management and 12-month follow-up information on incident cases presenting to secondary and tertiary care units across the country.
One limitation of this study is that most of the reporting ophthalmologists were based outside the four UK national ocular oncology centres, where it might be assumed that the majority of cases of OSSN are managed. Half of the cases that contributed to our analyses were, however, from tertiary units, which included ocular oncology centres and specialist cornea units. We were unable to capture information on any cases that were diagnosed with OSSN within the appropriate time frame but not reported via the BOSU scheme. Secondary and tertiary care for OSSN might differ in terms of the severity or complexity of pathology treated and the breadth of treatment modalities available.
The lack of data on 13 cases of OSSN that were identified, but for which the questionnaires were never filled, and the loss to follow-up of eight cases over the 12-month follow-up period are other relevant limitations, especially given the rarity of OSSN. We are unable to comment on the management or outcomes of these groups of patients, but if significantly different from the results reported then the relative proportion of patients in these categories could potentially change our observed findings.
Treatment options for OSSN
The variety of approaches to treatment reported in this study and the Sheffield case series [41] suggests that the management of individual patients depends, at least in part, on their initial point of contact with the ophthalmological services.
Whilst there are several accepted treatment pathways for OSSN there is no universally accepted gold standard [54] . Surgical excision using the "no touch" technique was the mainstay of treatment, but recurrence rates as high as 56% where surgical margins were positive for neoplasia, and 33% where margins were negative for neoplasia, have been reported [2] . Surgical excision is not recommended for large tumours due to the risks of limbal stem cell deficiency and/ or symblepharon formation [54] . Adjunctive cryotherapy has been shown to significantly reduce the risk of tumour recurrence in some studies [53] .
In recent years, there has been a paradigm shift towards the use of topical/subconjunctival chemotherapy as either an adjunctive or primary therapy [4] . This has the benefit of treating the entire ocular surface, including clinically undetectable microscopic tumour spread. Mitomycin-C, 5-fluorouracil and interferon alpha 2b have all been shown to be highly effective and are now well-established therapies. Toxicity is, however, common, and the great variation in treatment regimes and a lack of direct comparison studies means that reported success and recurrence rates vary greatly [55] . Of the therapeutic agents, interferon has the best side effect profile but is expensive [55] . Used in conjunction with retinoic acid therapy it has been shown to result in clinical resolution in 98% of eyes, with a mean tumour-free follow-up period of 51 months [56] . Topical cidofovir has recently been shown to successfully treat refractory cases [57] .
Published surveys conducted among physician members of the Ocular Microbiology and Immunology Group and the Cornea Society Listserv, Keranet, have demonstrated that chemotherapy is often employed as first-line therapy for OSSN [4, 58] . However, a literature-based decision analysis model that was constructed to determine which of four treatment strategies (each involving surgery and/or interferon alpha 2b therapy) minimised expected persistence or recurrence of OSSN suggested that surgical excision followed by interferon for positive surgical margins might be the best strategy [59] . There is a clear need for randomised controlled trials comparing the different treatment options [54] .
Generalisability and future work
These results are specific to the UK population over the specified time-period, but the results might reflect a trend in populations with similar demographics, resources and risk factors for OSSN, for example, in a western European context.
In the future, a more precise estimate of the incidence of OSSN in the UK could come from working with ophthalmic pathologists who report on these cases, or from the use of routinely collected population-based cancer incidence data, although this has its own limitations. Whilst we were able to compare our findings to those reported by one UK ocular oncology centre [41] , obtaining data more directly from more ocular oncology centres and specialist corneal units, where most patients with OSSN are seen, might provide further insights into the associations and outcomes of OSSN, as well as the full range of management options available. The ideal patient pathway and the rationale behind different approaches to treatment, possibly based on histopathologic features, suspected underlying risk factors, and evidence of clinical effectiveness, warrant further exploration as it seems unlikely that all the available options yield equally good results. A direct comparison with the risk factors, presentation, and outcomes of OSSN in the developing world could be informative, and it might be possible to further evaluate the effect of risk factors such as sunlight exposure via similar ophthalmological surveillance schemes in sunnier places such as Australia.
Summary
What was known before
• Although older Caucasian men, particularly those living close to the equator, were thought to be at greatest risk of developing ocular surface squamous neoplasia (OSSN) in 2003, in recent years the epidemiology of this condition has been shown to be changing.
• OSSN affects people worldwide. In Africa, it has been affecting young people of both sexes with more aggressive tumours. The incidence of squamous cell carcinoma of the conjunctiva, a sub-category of OSSN was estimated to be <0.2 cases/million/year in the UK in 1996.
• There is a lack of consensus as to the optimal referral and treatment pathways for patients with histologically confirmed OSSN in the UK.
• To the best of our knowledge, an estimate of the incidence, associations, and outcomes of OSSN has not previously been determined in the UK using a national surveillance scheme that is accessible to all autonomous ophthalmologists practising within the national health service.
What this study adds
• This study found no compelling evidence of a change in the minimum incidence of OSSN in the UK, or its demographic profile, between 1996 and 2013-2014.
• The management of patients with OSSN in the UK varies widely.
• The most common primary treatment given for OSSN in this study was excision of the OSSN lesion, with or without adjunctive treatment.
• The most commonly reported secondary treatment was interferon. Reported complications of treatment were rare but occasionally severe. Recurrence within 12 months of follow-up occurred in at least 6% of patients.
